Study Objectives: To compare sleep microstructure (cyclic alternating pattern, CAP) characteristics in otherwise healthy overweight (OW) and normal weight (NW) children Design: Polysomnographic cross-sectional study Setting: Sleep laboratory Participants: Fifty-eight (26 NW and 32 OW) 10-year-old children Interventions: N/A Measurements and Results: Participants were part of a longitudinal study beginning in infancy and free of sleep disorders. Groups were based on body-mass index (BMI) z-score. From polysomnographic overnight recordings, sleep-waking states were scored according to international criteria. CAP analysis was performed visually during NREM sleep. Conventional sleep parameters were similar between groups. BMI was positively related to CAP rate and CAP sequences but inversely related to CAP B phase duration. Differences between groups were confined to slow-wave sleep (SWS), with OW children showing higher CAP rate, CAP cycles, and CAP A1 number and index and shorter CAP cycles and B phase duration. They also showed more CAP class intervals shorter than 30 s, and a suggestive trend for fewer intervals longer than 30 s. Conclusions: Cyclic alternating pattern characteristics in children related to nutritional status and were altered in overweight subjects during slowwave sleep. We suggest that the more frequent oscillatory pattern of electroencephalographic slow activity in overweight subjects might reflect less stable slow-wave sleep episodes.
INTRODUCTION
Chronic and moderate sleep debt is an increasingly common feature across societies and age groups. 1, 2 There is mounting evidence that nighttime sleep patterns relate to body weight in pediatric groups. Epidemiological studies in children consistently show an inverse relation between sleep duration and body mass index (BMI). [3] [4] [5] [6] [7] Polysomnographic (PSG) studies show decreased sleep amount, sleep efficiency, and REM sleep in overweight (OW) subjects. [8] [9] [10] [11] However, few studies have assessed sleep patterns within the sleep-obesity frame in the absence of apparent sleep alterations.
Sleep cyclic alternating pattern (CAP) is a physiologic oscillatory phenomenon occurring during NREM sleep. 12 The relevance of CAP for pediatric sleep is highlighted by age-related changes and alterations in several health conditions. [13] [14] [15] Even in the absence of disrupted conventional sleep organization, CAP is sensitive in identifying different patterns of stability within NREM sleep 16, 17 but has not been investigated in otherwise healthy OW children. We aimed to fill this gap by comparing CAP patterns in otherwise healthy OW and recording, and BMI was calculated (weight [kg] / height [m 2 ]). Nutritional classification was done according to ageand sex-BMI z-score following international criteria. 20 PSG montage included 6 EEG channels (F3, F4, C3, C4, O1, O2 referred to the contralateral earlobe), left and right electrooculogram, chin and leg electromyograms, electrocardiogram, nasal pressure and thermistor, thoracic and abdominal respiratory efforts, peripheral oxygen saturation, and snoring and position sensors. All recordings continued until spontaneous awakening the next morning. Sleep signals were sampled at 200 Hz and stored in European data format 21 for further analysis. Sleep was subdivided into 30-s epochs, and sleep stages were scored according to Rechtschaffen and Kales 22 using the sleep analysis software Hypnolab 1.2 (SWS Soft, Italy). After automated detection of apnea/hypopnea events, visual editing of the whole recording was performed to add, confirm, or reject respiratory events before computing a final result. 23 Subjects with an obstructive apnea-hypopnea index (OAHI) ≥ 1.5 were not included. Sleep measures were processed without knowledge of OW or NW status. The duration of the diurnal waking episode was calculated from the child's wake-up time as reported by the mother and the sleeponset time as determined by PSG.
CAP Analysis
Visual CAP detection and analysis was conducted during NREM sleep stage 1 (S1), stage 2 (S2), and slow-wave sleep (SWS, or NREM sleep stages 3 and 4) using the software HypnoLab (SWS Soft, Italy, v1.2.). 24 CAP cycles are composed of a phase A and the following phase B. CAP A phase is characterized by a transitory and abrupt change in amplitude (and often frequency) of the background EEG activity and divided into 3 subtypes (A1, A2, and A3) based on frequency and/or amplitude EEG criteria. 25 CAP B phase represents the return to background EEG activity and is defined as the time interval between two A phases. 25 Recurrent CAP cycles throughout NREM sleep constitute CAP sequences (succession of CAP cycles).
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Statistics
For the whole sample, the relation between CAP and nutritional parameters was evaluated by bivariate Pearson correlation. Significant associations between relevant individual/ family background variables and CAP parameters were found only for birth weight and gestational age (P < 0.05). Partial correlation (controlling for age, sex, iron status in infancy, diurnal waking duration, birth weight, and gestational age) was used to test relations between CAP and nutritional parameters. Between-group differences in sleep and CAP parameters were tested using Student independent t-test or Mann-Whitney U-test, pending on variable distribution. One-way ANOVA was used to compare CAP parameters between NREM sleep stages, with Dunnett-T3 post hoc test. For CAP interval class distribution, the analysis was done after normalizing the individual interval distribution, i.e., calculating the individual percentage of each interval (5-s duration) class for each subject relative to total individual count. 26 The Student independent t-test was used to compare each interval class between NW and OW groups. Statistical analyses used SPSS v. 15 .0 (Chicago, IL), with statistical significance set at α level ≤ 0.05.
RESULTS
Conventional sleep patterns were similar between groups (Table S2 , supplemental material). Both groups showed that (a) total CAP rate was higher in SWS (S1 < S2 < SWS; P < 0.0001), and CAP time and CAP number were higher in S2 (S2 > SWS > S1, P < 0.0001; see Table S3 , supplemental material); and (b) CAP A1, A2, and A3 subtype indexes were higher in SWS, S2, and S1, respectively (all P values < 0.0001; see Table S3 ). In OW subjects, CAP cycle duration (S1 > S2 > SWS, P < 0.01) and B phase duration (S1 and S2 > SWS, P < 0.001) presented a decreasing trend from S1 to SWS. In NW subjects these CAP patterns were similar in all NREM sleep stages.
CAP time and CAP rate showed significant associations with BMI z-score (see Table S4 , supplemental material). CAP A phases in sequence or isolated had direct or inverse relations with BMI z-score, respectively (see Table S4 ). During SWS, there were direct relations between BMI and CAP rate (r = 0.41, P < 0.002), CAP number (r = 0.41, P < 0.003), CAP time (r = 0.40, P < 0.003), CAP A1 number (r = 0.39, P < 0.004) and index (r = 0.36, P < 0.009), and CAP sequences duration (r = 0.41, P < 0.002). Between group differences in CAP parameters were mainly observed during SWS (see Table S3 ), with OW children presenting higher CAP rate (P < 0.04) and number (suggestive trend, P < 0.07), shorter duration of CAP cycles (P < 0.01), and a suggestive trend for higher CAP time and shorter B phase duration (P < 0.07). Also during SWS, CAP A1 number and index were higher in OW children (P values < 0.03; see Table S3 ). In both groups, CAP interval duration prevailed in the range of 15-45 s for S1 and S2 and 15-35 s for SWS. However, during SWS, OW children showed more intervals in the range < 30 s (in particular at 15 and 25 s), with a suggestive trend for fewer intervals > 35 s, reaching significance at 40 and 100 s (see Figure 1 ).
DISCUSSION
In this study of sleep microstructure characteristics in otherwise healthy OW children, differences between groups were mostly apparent during SWS and not during NREM sleep as a whole. During SWS, OW children had higher CAP rate, CAP number, and CAP A1 index, compared with NW children, and shorter CAP cycles (mainly due to a reduced B phase duration) and a modified distribution of CAP interval duration. Some CAP features (CAP rate, CAP time, and CAP sequences) related to BMI across the full range. These findings indicate that (a) CAP features relate to nutritional parameters in 10-year-old children, regardless of OW or NW, and (b) CAP differences between OW and NW groups suggest more frequent EEG oscillations during SWS in OW children.
CAP organization in children and adolescents is modified by several health conditions. 17 Because children in our study were free from pathologies that could modify CAP, it is unlikely that such factors accounted for the findings. Differences between our results and others studies could reflect the influence of age, sex and/or demographic characteristics. In our study, the age range was narrow, and age and sex distribution were similar across groups. The CAP rate of 42.2% for NREM sleep reported here is in between the rates of 34.1% and 62.1% already published at this age. 27 However, the higher CAP rate in one study 27 appears largely influenced by CAP rate during SWS (almost 90%). In our study, CAP cycles and CAP time as a function of NREM stages showed the same trend reported by Bruni et al. 28 Finally, given that the CAP rate for NREM sleep of 43.3% reported in a sample composed mostly of adolescents 29 was similar to the 42.2% we observed and the dissipation of sleep pressure is stable throughout adolescence, 30 it is tempting to argue that the CAP rate for NREM sleep may remain stable during the second decade of life.
In a previous report, CAP cycle and B phase durations were similar in all NREM stages, whereas phase A duration was longer during SWS than S1 and S2. 28 In our study, these duration patterns were observed only in the NW group; CAP cycle duration was shorter in SWS relative to S1 and S2 in the OW group. This shorter CAP cycle duration in SWS due to reduced length of B phase could suggest more unstable SWS episodes and fragmented slow wave EEG activity in OW subjects. The interruption of the ongoing slow wave EEG activity during SWS in sleep terrors patients has been interpreted as a slow wave EEG activity deficit leading to a continuous reappearance of this activity throughout the sleep episode. 31 Considering that CAP A1 clearly prevails during SWS and CAP rate is higher at this age in childhood, 32 we speculate that OW children could require longer and more frequent EEG oscillations to consolidate SWS. 17, 32 Our findings regarding interval class distribution, with more intervals shorter than 30 s and a tendency for fewer intervals longer than 30 s in OW children, provide support for this interpretation. Given the role of CAP in autonomic activity, metabolic regulation, 33 and cognitive functions, 34 which are domains often altered in OW subjects, we suggest that CAP analysis might contribute to the understanding of weight gain and related morbidity throughout human development.
Our study was limited in that PSG was performed only one night. Bedtime followed the individual child's routine. This approach was chosen for child comfort, but it could introduce more variability in the time of going to bed and falling asleep.
In summary, our results show that CAP characteristics related to nutritional status and were altered in otherwise healthy OW children during SWS. Since CAP differences between groups were apparent in the absence of disrupted conventional sleep patterns or sleep pathologies, we suggest that the more frequent oscillatory pattern of EEG slow activity in OW subjects might reflect less stable SWS episodes. 
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